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SUAIAAR V
7l'relicibi/jifY of* i vii/id ener('r'sliv/in dt'peni,/ onl Ilui( e of I/u( propu'Ih'r (li/uh

size Of the hat I,-up energty storage. Design of /he oplimumloi slte/ for a iveii rt'iiahifil~l
level (-lin he perf ormied if aI 1/tnt' rit's of i/inspeei c/ala is miiiah. liciesr. a d~iK

haseti onl convent jomIil ineltoroiogit'a/ records. which sa//lpit the irini speed Iiiih a t
intute lvert'itlzne ti t three-haurtv ititeriais. wili mctr-evitinuii i/u' sora,'t hia factor

of approxoinat'/v 2. ant/i/ iin jd speed ison/i' avtai,' oi/I (hii dadvI/s/I iu'slragc, iii
he oi'er-estinwed h i fac~tor of 2'5 to 4-0). T/his is h,'ctns, aI prf/Juf icr taii rcypoiti 10

iidspeed ciinges in m~uch/ less i/ian tellnue /i/II/5 id ti/u, het 0,/u' lihrt5- ////li m~i/i/jot'

does nior o fte/i p ick tip li( i igh-speed in/i ewuts wit iti ge/ueria ' a mmmtii futi/l ittr Iotf

thew i/i/Iencnr. A ,ino'rain is presented. halst't/ i so/eclit'itiol/5 lti/iyd .1 ' Si/l 'ti / //

ine'ns. wh/ic/ etnahies liorages c'alcudated froii iilret'-/l/Jrlv. or 1111t. iv to/l/ b itt p/priatti I
redutced /,eciust of li t's 1/1(1 e'f/ecs.
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Ihle s ofrId Sliortage of, tossil fuels and thle cons'ekfuetit Ise of in1teicsI III illitlwltsc itiCItods
of' eneres Production ftaise not touched Austr11Ai %cr5. deeps \i SIice thle k ii oal reJ[sets Cs
should he adequate for its simll population for1 sort: ie te It conic e eties. tile \usiraf tart
Senate SWandirl" Commlittee oin National ReSOurcNs' did conIcIlude thai -ssl md o\\Cr does h1,\c
a \jable role for sm1al "Cale applications ill isolated loct-ions s,'CI hee,''iiidl is a Ichaible eee
source.A particulahr esatttple of such a small-scaleC J.upplicaiiotn haJs I)cen SuJ'Cccicd h\ I IMrreri
if (j/.2 thu1si is thle posNer- Suppl\ for, nnilor- ma Ine tnasiatuoial aids Ilownted ott buoss \ Inid
eflergv tnla. A'( Isfatc a placc in) po~er supplies for io\ s used to listenlI or lit: presecet ('I sub-
marines, and remote :omimunicationls s\ stemys aIloile sOniheIrcl paris Of \uisirJ,tii COasIneC
s' hiichi are o ften cIluded oser but1 ssIicl are subj)ct to fritueii Lcafes

Thie dlesiurn of a \\irld pos%er s\stem tio suul~l al custilod dirtlairds a I tr.Ri-otf is'c[%n tile
si/e of, (lie \\s md generator and thle si/c of, thle back-np ecieiL!\ storage. A cerrerat that is, bucr
than neccss.u r\ Caii fupilc load at lower \ku md Speeds. ;ithf so al rcIfuciuoii Ilil e si/c itlid ost I)
Of' thle haIck-up enerura storage is, possible. Ill ordecr to fiti thie most ecotiotinicaf s> siCet aid to)
design tile sa stemOI I- fo ginriahilits it is n1Cessara Ito kilo%\ tIne durlfatioln Of' flls ill (the ,','Itid
and tile durat1-ionl and frTeifuetics of' tne gusts. Ithis infornrlation is, Crs S ariablc betweeti difleiciti
geographic regiotns.

The coset(Itii1al tueteCorolocical:Z1 Idt asiIableC ill \0HioLis cotUitries is IurlIN'simiil. aid
aI pro posed standard is giwsn h\ thle WAR. Ill Australia Im csatnipfe. tIle tietwoik colisists Of
a small number of' ineorofocical stations Michre thle nnliimitnLI \\inl')1S CstII ach dMs id tife
lO-Iminumte aserage \\s md speed at ilirec-hlourls itttcrsals is rcorded. I ereC is also a mitch l,urcer
tretwkork Mslucre thle 10(-m11t11111 asrge\ ilI speed is rec orifei at 9) am.11 ail 3 pa11rCJI e kil da
It sill be detilotistrai:ed belo%% that this set ofdata is of itself ittadequate 10r the desPict of a ru itt
posser ssstcm because both thle aseraginV period MIni l te silinpliinc, inltcrsal are too L-c i os -
eser. it does iniclude (tic nlecessa-, inIfOrnatioti I'mr climatiic decscriptilot of thie s,'ilds at a i,' itl
Place. It is proposed herle that onec or' Isso inore detaiiled' sets of ' \\idt speed d'atli should be used
to determine )lost fte calculated storageI teCifitUteit of' a s\N,'I stm tie~s ,' til thle a,' tuitivc 1tu1ie
anld freIfuecaIC of' s~Mttnpfimng of' mIle \6 tid specil. I his miui\iatoooix l aiatol tl. iet ae
Fullctioti of, tilie roit cless antd t opogta pht of, tilie slrrIoutildi fit! teiiai ii. butl ot icimise Is Ii kef to
be constant oser farT-c clitic recions. It* couli therefIore be used to) sCA thlestrg tequt-

itIetits tha;t \Notuld he C,111fACtL~Im fromn tire consentiottal ineerfcclclti ailable .rt aria
place

I fiotsoit' has tecorded \Ni ld speed tneasutcetettsat ati ,ittettrottetet ltitunted otl I huimitlt
at tine ARt site diliiv tic l~I andI earls 19)72. 1 lie ssiiidl speeid \\a', mleaisrued' ech I sCottkls \Ill)
tlittittlic Cup aniitettttttir mtoutned 14 Ii those ground lesel. I lrese rttis1Ireteliits \01 hi e
Uiseid to Cstintitle for1 theC Melbourrne recrioti Ilt,',' su Cmd-1. ertega t rCHieiIIitetterts \,1ts \51 tilt ~e
f'rekIuetC~\ Of dMasai ptc

Int a sst tld \wll t is i le ttt,s of all \010 Iii' t los t fir 'tl ai mtilt a1t Is5

sshlee "Is rthe mut dlItstta I fits all his .I 1,ttCtII ci'tICs! pitC huI title

P' tI S f 1 1 , i () , " I I 1 I

iO ll I1 this C'iCIt! cs is eC1,'ill. heiuisc file ai dof\\, list tir of thle ~pl OChit ttti' I t,
finlite sClo~utslo ft ito ii itritite 11\it L tic %A iuis ) t 01it the pellct PetI fsee( XktlI't ti'

sh ltn thl file tr lust itti iil ' p It wl r t l c e ft %ci el hs it11 tlc~iI s t tall 1.khl .ire I 1tot1 ii t 1



althtoughil C\ett (hlies reSIIal Itiachl'InS MaIn little Mtole I~IttI IIAltI 11e Cit'lixXL. (11 ItIS IdCIel

utacine. Blecause tile poV\er recil\credl IS PrOPIOItIOflal to I se\el~ti LIMltsineces toIOHx

(a) A large part (it tile eilcrg'\ is imokietl ill rek~liixei IC\\ ox'x'.ltlls V. ienI tile x itid speed
is \er\ lin-i I Io\\ce i. tile stromi.ce occasional s -ItIrIS 111,1\ he s N ca te'AIlext Illil It hL0IeItIte

MItCCOltoltli 10 store etlffrI0 to carrx o\er tile Ilull (ttle wllrjilexxLi ii K. W~ore

Cer'tti'ili. to detIt111 I S\SCx steltiC L ~ hltaIt pIOxide thilecSL\cp it Ai .10C iii 11r see
and alloV. etIerex ii 1L0 to(at u Il te lore r 111Ni Ill KLlc it .1 piiphlei IN dcsigm-id

ito Oplerte Mt a moderate xelk)eil it Ia\ he pretera tile to tell ici tile pi opeler- ditilii
tile stollis Tathet' thanl desieti it it) \Wiltstand thelee teiodx1,111 ttoiIclikcslx l01kh

IntereaSe as I Lt cattscd b\ operatilliv durin! (ilk. stornil
(h') Itle lmriods oit 11101 xx ttd xeioeit\ xx lijelt ale ilipoti,11 it1 I II xIid l),Mc CT '1.1111011 .11 C

usttall~ I'lil ricl*. N\ three-hour Samtipling~ ItltI'X\l ltl,.\ hle so 1011!,11ti. Ot illi

ocions (tlttie li l, Itielt-speed Stotttt %\Ill not h~e smttpleil It rexOixis (11 snIlictit ICiiIt Ii
are axailabie thlt a trute htistogzramf of, Ill-inittute isr \e Illd spxedCII Att 111 XCIXii i tiMC

olkh da\xiii he obtaied, hut t ite nleeessar\ record leti ciii iii1,h\ 11tCe 111C CkT1\

(t' It is imlpol t;lII that All airOpiatV Iel llx ti111C Ilie cList h ix lie iWiiII C liieilts111 itl \%11d,

speed are miade. For all inteil. duiilx nc tile eioICII\ \MII. tile HItill Oft ite ciihe1
ot'lc th xltoclt\ IN tar L!reater that1i tile cuihe ol Ike Inecll \eiox'it\ I Ilk' 1Ippl opiiat. clI

11W t, lite xtepelldN ttl tite lespolise ofateeiits0 tile xx nli 1,1Li. i~li! it ca1t1lie

jtiite Stt ml ~iall sueC gelctiera tors 1 maX perle It XII lltLhi Ieccd ,o 11l.11 tile espie~
tile is uoserlied h_\ tile inertia (1' tile pIellel xx \tIhI LOiisII Ili'\\ las1thle IIOhiehil-

maX,1 5 peex 111) or' sILMs dofx ill reCSpxliise t 1 Ittd speed Sii~k kCC11- I XI \N11i 11.11k lies

gettrall operate at s\lliI'lr0tLlS sIced aId tV,e \,11,1ri1tiiie 'thl ohlers.1I toI 0111i111isC

tIte poxxerI lex'Oeied tr10l11 tile x ithd. Ill t1is LCiSc tie eoie IIN me1IL is t0\k'i iex t\ i h\

fite r',lk te L'1 'C O Ii li tx'll Ol tItepC ii t Ilid l ie 111 t1 (I t II I pHI) 11 111 1) ICxsIIIIII i l o

plit~h.1111 n I mild1 sIIei eialtee. I Ile ItI Il btlitd-11hi Is 1Ciiled'l h\ 111c \\ Pi'llcind111
KuexietIC t11IIiIlsN ;Iid is, ptxlaticail\ colitlele V ieu1.ihioiil Ix lklIii lCi11,1i"i1 I Ile Ill o-

pelier eross-sectioll tiaxe lloxxed past. \\ih. i ord o I II ii xidsed Itt Ill N ilils

Itho1LCSts 1! I espI0seN t tille of' one Secotnd I tie es~pouset I a I iuul uc ix 'ILkiii iil 111i tiii C

tile' IICil \xoild tie 'i tile order of 0 mIlliiscoiiN so it is tlw hlift hI'ildii1 s \\ 11iix vi iicl is

ills LISw I lie sma.l \ Xa Iia Me- speed ltaCtilieI 111At\ iIx sluelil\k loiu'eiI Iii ,I

respoise. tbnt icse t lie Illacii ti is Sillatilie (i t uSplc 11 iiik V\\ill ii01 1c tie l X Il iii t1t

ereatei. A\ olue-scotll \,ttle tlteretore seeliis to ie .i siiit,11lC i'ihi' l~i'l W1ih I11l1i\M Xli\ e
liLit IC to k'ltio5 101r 1II t CiexeOc'it lk rt 11114ii

M/ laim pracLt c~It miltd mlacitt iles ml] il t 0IpCIJL actilox ic 1iA iil lx i iiiL l

Sknots. Alluiilt tile mil d Speed Is tseioV. > kit (III l1iiiC luis1iCi AWL l'eti id 'Ii t- IMIi.

[lot ittitet clili Is IN 111\ iXCd at theCSe III\\ s1lced. 10 si.ii Ill)' \I'llx ll till u loi .il ixim

skii liite \,I\ lile cllect it thle piiVct a\sautulsic

3. 1411FI S [OH%' P(l1ROBI1 \1A

I lte proliiii it, CNlII1,tilite elleru inOlA!T fuixCklkI V. hluu .i1 Iiiti.iiiii' cuic ci Ii 1n is

relLItirex l ti sttilii)\ A .1iCxitiCxL COlCIO kxiiiI~ taIh INi plex uselx iii iis i 1i1C Iil .INlli III iI tilil

tile leseno'lX I k*ji,Ikx I lx iCxttilCr I M IC ti lt I Mlttittlt ll \L i 11 xc l i WkIlxku~ 'kli' Il 'i 1 1 i i Xii

curse~ IteilixI tise (,I O lie lIiI Nollilefli I iitixk I t,* . I iillx 11MIXci~L Sii

Speed \.\till tI tle.c sIli I lii Ilis11i 's \RI datJ 1t 11si !ic lilt*Il I C1 011 . e i X 1 Ileik Ix0\' x

enitertit . 1 l 'iiC~k HiCilC tiCtl IXIIli MIILl \\,I' xlitxiil.IC~ si I 1ii1iiLwiL I .'l 'iL L 1 
xiljpxl

Ii Iiglie L I ii' Xci\ siik\ 11Ii MICitlt Illit i tO a1 \lIl jixI xi) C s1ll is .1x.,ilk iix Iiii

istie litxtle hut lx 'x'i II t11k: Iiilt I IlXl Lxiixi.i'xl 1\ill iiiix' iL Liii i' xi iiii

liiif I iiijli . Li1 X WI .1"Il Ixis~ ll ' l' 1 1 CIIC ' I.I Iit d 1' 11 11x1'CLW ill



somewhat less than the average power generation rate has been assumed. 'I he way in) M Ich I hc

mass curve is used to estimate the required storage volume is as 'olIlos:
Consider one of the 'high points" of the mass curve such as P or Q in I igure 4. Assume

that at this point the storage is full. From tile high point considered lay ol' a sloping tallgent
with a slope equal to the demand rate on the system. At an, later point C'. the distance. .

represents tile amount by which the demand has exceeded the supply daring tile ttme inter\ al
from the point P or Q up to time t'. In other words it is the anount b s0I1ich the sloravc
has been depleted. The maximum of all the possible inter\als, . is the s orave c.pacit\ thi
is required in the system.
Tile mass curve procedure may be used simply to determine tile naximum storage needcd

over a particular time. However, ili sonir circumstances, it may be more useful to consider a
modified procedure. For example a small systemn may need a sery large storage to cnsure thait
power is alwass asailable, but it may be acceptable to have a smaller (and cheaper) slorage that

will sometimes be unable to supply the energy demand for short periods. In this context we ssill
introduce tile concept of tile reliability of tile total system which we here define as the fraclion
of time for which a power system will be able to supply its design load.t Tl'e parameters allecting
tie reliability ofa vind energy system will be the si/c of the propeller. the aerod niamic. 'nechanical
and electrical efficiencies of the equipment. the size of the energy storage and tile design load.
The number of \ariables may be reduced by considering a propeller of unit area and equipmet
of 100",, efficiency. (The method of dealing with noti-ideal equipment is indicated b an example
in the Appendix.) For a Liven wind record the average poser Pi,. generated \%ill be used as a
scaling parameter. To obviate seasonal variations Pit will be taken as the annual aserage poer
generation rate. which for Thomson's :3 ARL data is 71 W mI-. When records covering seseral
years are involsed there is a considerable variation from ear to year in the aserage powter and
in such cases Pa will be delined as the median value of the annual aserage power generation rate.
Tile demand (or design load), D. of a wind energy system Aill be expressed as a fraction of P,

and the storage capacity, c, of the system will be expresred in days for %%hich the design load

can be supplied. Consider three systems ssith demands, 1). of P,. 0.7 Pi, and 0.5 P, rcspectisel\
and storages of 100 days for each system. (In terms of actual energy stored the three storaces
will be 100*24*3600*(P,,. (.7 P. 0.5 P,) Joules respectisely.) For each such s'stern %k ith a
fixed demand rate and a lixed storage capacity, a simulation of the state of charge of the storage
at successive instants is carried out. If the power production at time t is Pit ). the amount ofeneresx
taken from the storage during a time inter ale. At. is

As (1) P(l) AI

The symbol s denotes the amount of storage which has been called upon at time t. Ill tihe
simulations reported here it is assumed that the energv storage is initiall\ full so that A 0i.
Increments in s are added to the initial state prosvided that s does not exceed the storage capacil.
c, of the system and pros ided that .s can neser be negatise (i.e. the storage can ne\er b-e lore lhat
full). If tile storage becomes empy (s c) the total time for w hich it remailns em pl is recorded

to be used ill the calctlationi of reliability (or fraction of time for which the stor-ge is not

empty).
Figure 5a showos, for tile ses eral different possible demand rates. tlie \ariation of storac

called upon. s, with timte. The various demand rates for the curves show n hase -een labelled ais
Pi,. 0.7 Pit and 0.5 P,. Tile storage called upon is expressed as a fraction of'' 1) da\ s stmoalcc

for the respective demand rate. i.e. as a fraction of the accumulated energ\ coitsiillptoll O\C 1

I00 days.

When three-hour sampling of wind speed data is used. thlerat of' \ind power plodution.

appears to be a more scattered process than it reall. is. As a result the calculated ener ' trhige

requirement may be greater than is actuall\ rtecessar\. I igure 5h shosss the cut\s of tomN ace

called upon \ilh litte if' tc \%ind speed used lo calculate tlie energy input is. dulliii each \ ihoptic

+ Ill practice rllahill\ \ill depend oil time lost due to mehanical and celeti cal failu ,es (I

e(uip11ent, as %ell tbie list due to Storage eshaiuslioll. but1 eqitllnllt llli"tJ % .l not" he

considered in this stid\



three-hour period, thle si -minute m Crage alue at Itle her!InilIi it Ithlat lieiiod Ihe ptpeak sit r.iec
requirement is tip ito Iv. te that required Mi en thie set-ond - h\ Iectrid % i rid "reed ntiaur erilciis
are uISed.

4. FRFQt FN('Y ANALYSIS OF \%IN 11M 1 .FR ( NH R I 10\ R* 1k 11

1i gure 0 shov.'s tvo prohahilit\ diStrihutroir tuIttrir.111 I'r \iiiJ lh0\\t'r iterIrIM101 tate ali
thle A R 1. site. - lhe tipper cur~ke I., for v intl povkei c.iitrratcd 11111 ou MCit-S.COItd a re\;iiliCS Of
vtnd Speed. antile lovCr CUrse is I'll \%ll Intl ovCe calCuliked ii,1nt1 Nl\-iiriillire ICiJriC \\I ri
s peeds. A si1-minute a~ eravii un period (Mv. if is slifrilh to thie Us-rirri t ii.e d 1,01 simarT-da
meteorological hbscr~ati~'iist intterestimnttes the plov\er 1\rrIlahlc to a w. ild polkci , \Ntein hK
co', at tile meantt pov"Cr lprurductoti rate( of' P', 71- Il ' n I Ilkrtc~r r r crpr~~

thle \er\ intermittent inature kit thle I,\int po\ er genetailm 'Ii procc'. I 0r sii o tir le trlie tire
povker a~ailahhe I, less' thian 211 \\ m2. hut 101 it0",, o1 IreC tIrrI tfirl: poMCI C\teCt'Lk Pri Ik III-',

5. RELUABIIIIXY IIA(RANIS A~ND) '111- 11 IFM I OFl I SIM"~ I 11H I 1-41011 HI.A
S.AI LINC OF M(NI) SPHl 1) D)ATA

Fle CAiCtIlaions r~r rise to I cuare'. Ni and /, mre .rpplhir' to 11k ca'Ce ,01cre it r'.
possible for the '.~'tern to htii ati'.tet for snmali period. of tirrie but 11r In' pau truilr ki.e or0

thle it)-tha\ storage capaCI t\ t eshalistiuti tdid riot ocCHIr. t' \ Ill rrI\ I.0orr'.rdcr .r 1Ii_ ru Iurirhert

ot \%intl energ,\ s"'.tenr'. \itlr hegi C irrd arzrr rn I It,,111'14 ol to 1 ' arlo id 'Iow,_,CN' rir irc IkorII
one 6\a to lot) tha~s. 1-o t01 flie v.ll Slised record it r'. po-b" IIIr He o , 1r1iIt' Il, orf tri ' i t i i
for Mhich tire storaive oi'eat-l '.' 'terrr \oul itthe dr'.irj,rcd I ',Ire .rrrd 'I Tho the 1r rttrolr
oh' lttle tli 'ttri.rterihetie iI I lhr\wdle dC1 StrraeC e\11rUirr101rrr. or 1r Ilk'.CS'It IT1 rtIrIrrIIIII
sampling of tile dataI Mit of' tlrree-hriruri\k sarIpiric rsptttr I Ir ul'\erl etCh. M iehaiiit!

thle StorageC CaChateh uISIIg IIree-ho~krr\ '.atIpItjldti j dat Cf Iller' to'L I to 10 ittlre, itha irs '

aetuallk reqUir-ed. fle liicier tie plo\\er detICarid tire LCtt' i' tirt'I\C otei-t'.Itrrt tf tire s"traC

retluiremet.

6. EFFECTU OF 24-1101 R SAMPIlNG;

At rtramrs'tartions' ttrit s.peed rrrea'.nrrertiei' aMe 0r11\ I\IIIhIC 'l or hunted little' ofl dat\
in tian\ ease's at '1 a rrI anIIj 1 pri . ). \1 I ee ( pel sooit I, tormitri-irrr' rl I r" oh'.er Ited II that fo

mns areas fi Au'.traiia tire animual pro bits( dr'trrhnrtrorr oil (11C srrrd '.peed rirlr'.irrd at
9 a.mi. is \ers I, si~ii 10t tire M La riuiprobbihilit\ s istrihut on rli sNird 'pcdk rve1ran rd mr tall houls'
of tire kl r alourti thetre i'. om~re \arriairrr oir I '.ea'oirih hiIr' 11 tilt 15 ;tir')"H 111M ) .1 Ill

wnsare repre'.trtitrse ol illar aserage stitid' r'. tused. tlcirt \il tsr1 e lirtc'k,'.r I" torrake' t''t-

mrates of' etierg stora ve bas'ed ont a 24-h1our dlata smrriirtumL rrlt \rA I iirrr'' Idkr.i ,o,,t'r orIl
aI ear or No. %I iCh Is irini ut-rentm data to relate a 24- toir r aIi p1 rire t, e~itt rrL-I\ 1" a1 "Ccird h.\-

ito (978. [lie data is iricorirpiete itl that titrirrt sorire senl %ii rid 'Iped'. lt'CC rotI rtru.rrrrt' it1

certaintimues thi -a Ili thrtese cais' tie pres roll'. stInti 'pet'd reiriel,\\I ts'I "kitlrd tIII tlirlirit'
ttor tire period coseresi fl tire tII'.'.ittt' rutnIMLtre I ir~kiire' SO Arrrr 5/' 1 ' ts r'il II ot '~it ri.,ttl
ol ifpuIterintj~im i'.critntrte rii tIrIeCirrrnt- '.;Irii~IIrnilr C,,I rirt't ri Irr l .11 4i'r1-11 rir irt'tr
respeetiei>. Iii thetse yripits tire toIp tifrt''iirs' tilittaiti. irrikrlIrs! tcl,rltl (ll If tit Ir0.

tia\ stirug burr '.rcrtltfc.rit1 p irri'. it litrte I lie V'li s' irt lt I 'I l~ it t 'I r1 It ' l I' us I'. kill

ailaible (I t I (I rt'r.riiits\ I ire sirossir itl I rnt t,1 ftl diiia 1111rpi. lrr'c htrr andu In

[icure 9b' or datlr samrtpled olii\ an if a I Catl khs I 'Jinc .4 110111 ipt I t, c tilie

ment bfor a Is rin rihabidt \ ' 5, ocr-extitiared (1' H otiPAirit t r I I JIIni.1tCJ ItIII

tirree-itir r smnipiitir' I,. Il 2II .N i tit'c t'Of t ile hirerc xill1 i a phr r CI .111 1', HIX p I l' Ml i

tire case of, tile xti,iihti cl i~'ti~ctt'



7. VARIATION %% ll SE~ASON A~ND TIME: OF DAN~

Wind speeds ha'.e a \er'. s~rong '.ariation '.'oh litt l 0ila. I iii dimi nl \it nmii ra'. be

\.erN imrportant inl k'.ild ir ~ried, I. hii cIe ae i~ i rici .' rc it'sm ~c
tuatiolts. Otheriktise it '.%ould appear to be Uliriirpoltana In [lhe esilliritiir '11 storzage cit pacit\
because enieril'\ storages are almost al'.a~s reckoned inl ca pacitiCS 01' &1~s ' I SOIecks I-, her thair
hours. [he asciage d a i \ po'.%er prod uction is all I \\ciieed Ito kirm. I Ir'.le'.er. it I' \k its 10I "stinrlai
this dail\ production frori attailable meteorologrical l ecords %%C c et lilt.i ple hi I MI '. t aIi
stations (lie \%s md speed has onlk been recorded atl Nelec:ted tiieN of'd\ uIua diii nto da\ hlIr
liours. II '\e doit) 11LNs I Cees i\ pothiesms sse nreed t'actors kNIs I ill iable ILI t L'CIl;Iiec dailk.a.rIi
\.II rdpo\%er- prodtion11 1'111 titbseratioirs at SCetLe itlnes Ot da'\

Wiinil speedl records li~I\.c beenl obtainled b'r a1 number (,I staltioils illUs rli,i, N: 11111 ilIplli

Fig. IS)' . fjile arae ild Spiced. *S and aserage posrprOduICtion. V' (I LILIIhllar (2,2)), llii'
beenI computed f'Or echCI ltme of'Lda'. for \Nhiclt obisersations li1i1\e been mitl I li is .1 siLlihkitlc1

stochastic \zarmationl I'rol ill ierto \ear i tile mean po%\er uciterated, sIo 1or eCik I .e:I tile '..ilues

Correspondintg to specitic times of' da\ hawe beenr di'.ided b1'\ thle MrIscAhl riCAll \\11 ri*pCd or[

poi.Ner at 1) am,1. each dai\ "or that N.ear. Then these nornrialised cstimiac- ,I kt.iiid speed and
poser ha'.c beein aseraced f'or all a'.ailable \Cears. [ire saIriajiOli o 01 thC NI rleI sea,ia %II ILI
speed and po%%er nih ltme ol'das is shoio. Ii [ir 10. (lean. tle rlrin.il \xrriiori is \c'.\

similar msthin each patir of' nearb\ statiotns (IIlOrLIre.1 I axerhnr 1) and ( \Ar~ClhCld. I
[arm). [hle high peak atl about 3 p Ill. or 4 p.m1. Ini tire subI)i-picall fmdviwi ire \rI liertield
and [ikfe Lintre situated correClates %\itlr tire peak ill 111lililrstrrrri HiCIdeice1C. I ii' sCI'Mill

\ariatiomi slro\% Ii ii I igure I I is, less clear, aind iii lie coiiplik.,tied bk. i l ct urm i lie sariples

Pceriods fur iht D~ata is Ailailable

ReeLior Stat in I ),Ie I .

South Austraflia soutlr11-eiiSt coaslt Robe I 0o '

Mielbourne A RL J.1aii~r I \1 IcIlI I

Mielbourine Niel boime R () I'O ~
N I IbOut r ne I a Ike rI o1 1046, 1 5
Brisbaneti A ncliertielil ;'i" 4') 42
B risba tie Flade I ma11 19')§ -1, 4-2

CO\ Cr iil]'CrirtIIIII ) tiIi 10iidN, I Ire \satIiaIonl Ilxe(CI iCI LLLIWH r11ib stin is I oismIerabC id it

unitirt1_1 \ .ri;I0 \,'i Ix Ill seaOir Iis IIIul 1 10 I I'lIr l'Cri I hi1 re: IsI a IreIit IleCrI I\ or % xI idsP 1i-
erals ito tic shlilt huter in) Marchi Apill and shi1it\ sr'rrye ill ( )iie N\.serirber arid
per-:'aps inl JaIruar\1 ireC xIINi(is at1 tire subt-iropical sial loris Of \lrerfieL d iid I ide1 I Mill rendL
to be relaitiskel sirorie than those at tile iore s01rn1iiIcr l ~i~nis ,I* VCleI miir arid I ,i\ei ori
Others'. i I tire \maiioiis lrCtxeirIC een chse NI Alioi su01 es I topr J~r 111J1 i~ k cal oIT 'I tuc1 ais

futirnell ing oi'shield irei Mf \tik 1 n1st1ra -otrie frori prefer red (frl'111 i;a1xa1 'ii \M111 1111c t 1liecarj.

fle seasrirnil sa ,Iiln in especteil plisser prodcioniir Is liikll Nin-iiiWiii he-tiise miiii 11t

tile sma1i[lle I,\itil p0\%x cI rtIl atiMns1 use at stoirrae corI poiril imn I ah"l Ji i a 'k I T I 11101111"iii

demraind. I I atl a Lir Imi sit tn ie expected pm\ .elil prrd i]I It? 1vii 1i Ci eliiI \ I I\I s, ~'11lik"iIiil .\

lo'.%cr than time ammiuii epctled posser. HIthenIII 111iiii,1\ nee~d III11 hi '-isd -nIII 11C lossC en i'm

Irhis nra'. be t 'er' iwiilificimit faJctor I IieUreI ,1 I Isli 1i 11 Ili N xi'mlx 1\isVI, i Ile poxic 11 Lis1

a'.aflabie atl Robe tOin at I a'.erton. Butt it thle irnixesi"10) iiriiln\ oc pi "ill, IWI ii'stirsl ieI

(hesil' I .mskerton is better off Ilrmir Rohbe

8. V \RIA I IONls FROM NI L R '10 N tAR

wIe 12IT In _' 11i III kiilt0 lv i tilei aniiiiii Scona .ii aw'll PoiiC P[,IH, 11, in~k I I Cd I IOw

' min M . ntil~ speedC( OhiCsser 0 AN %im'r \ 1 t.S l i ill1 11e "Cii1 rII \CJi k.11i1.11111111 ' i 1 ut (11 i1 1,11L Ill



cenera IthIei Io\\est emank a\ er.tee Obserel is I a1hOii (1 ll the IIICI I ii ll~i\ J.Ihi I !1CI 'ix k~p Lf 0 Lr
sitiultaneouls mleaSurlenlients is that of, k1\0101n and NMelho'nn h1e \Cal Io sear Ii I'IIsII
lase similarities hut ntot necarls as mluch as tnlihtlie espected I Il"~i orA b'0 us theC \Mel'Lt nine
anlemometer is situaled near thle central cit\ ill a place Mi ele iili 11, all1 I'Lijldimies haix 1,been

erecteil oxen thle past feix, wars, cauisinge a smuperli Ilposed dIMMnixids w~iid! oi li 1cl

9. (ONVIIASIONS AND D)ISCU1SSION

(o01Nseitttial %\IxL mdspeed ntlea1SUreIettt~s at N1i1l1eteIL rOlxn'ka stit1i \j~ ' I~ ,I. Ii.i'I at

three-liounls intersals A-t nian stations tile\ arc not amixaililel 11it In *heri \leoxet. 11r
\\x md speed aseraugile timie oh'1 Itt inutes is mluch greater thati 1 appi opli ate 1,oi i ond run t'\
consersion ss stein. It the Samp1led dataI is uIsed t10 calcult ie eir\tfItie ICpnrd 1b\ .intd

poxier s~stilii thle storage \\ ill lie oxer-estimiatcd. I-or the \lelbx'nrtic tenon! 1t 11.s been sl'o\\i
that iftlte-iul data Is u1Sed inl caCLenltiOtIS thIe Storaglle est mat1,1ed xx ibe ibhott x Ic\et.k \iI,! is111

aetall requI\ iredMT f'or al '-i\enl Ielialbil it\s I f \\ ild 1C l n easureent taklset dalik tat'1 a 1 lI I I lsc~
thenl tile estimal.ted stOrageU \\Ill be albout 2S ito 4 t) times \\1.1 tat is .iiiii1i\ 1eqiiited I Cute11 L

itixes ~ ~ \ic aaro rpsxliel eable the correct storage capacit\ lo hecci titateil t'ot 0111 ttii

based onl tItree lion ls or d ail\ \xiii!l speed data. I hies Iiaplls *ire .ipplic'ibl o i11 he'elbouiirie
region anld ILse eetIl de-ised front1 lgueS an11d I) h\~ fstrgst qie tol eCh1,1 t

demantd at Specifieid reliabilits lesels.
S\ stetnil esigil tll*cure stch as those slioxx n itt irure C are 3 nl C i l d 1'r a1 111 llLi~l site'

It is of ititerest, to) see hio\\ muLch SCatter occurs f'or ifitit site' I lintie 14 slioxx somci tiitlie

ohCIIJ1 deincurs-es and thle scatter is quite con1siderTaealthu a1101'1 lar.11e 1)int 0' theC 'at10 can1 hle
logivAl explaine.I [le eni xe f'Or NIelboutrtie Regioral ( tfitC hi' tot1 bent1 p)iCsiulx I'Ci ait'e Of
thle artitiCil effectl of' tren ilte tO nearbi-h ililitie roustl rnctloii. I 11C k,lln c ' or1 tile txxx
stationis xx itl tile lotigest recorils ( [at-le I ati ti I ix erCtIoii o11 t'ai 10 c -Cllos Cei hr etiiiitd
storages cc neralls ihiti; h\ a f'actor- of less thtan -'. Ilii' is quite Iitteresuitlxi is1 0l1Cxx sltrit le111 M
itn Lilt differenit nleteorolo'tical areaIs. I~o le Iiid'I less 11iii P-. theL ctIiic x 0 RZs ' 1110r 11k 'b11oi ti
greater reliabilits ofthei xx iti oxer short1 perOiod iid rlotx COi'd lp)Cr10,1 11he Curx is tOi
I 11!IC I Mrill and I axeruon1. RObe is situateil on the ep)osed 'otl-isei ois ill 01 S isiraLJl(iA

inaregion \fs\aixsse l (N sxids.iii SO this tireatrlbl1111I,~ iII I'L beepected I lie tirx e'
f'or A' -hierfielil Seeii tile OdloteS. IIoxxe\CI. Olxli searsIT dat ir axC r1,ItitIC t, \rrlrer tield.
a nd Ir short storage perIiodIs I th \ Mnxsae fI'ilx ilo'rII til 11w11 iiari xx' 111 'tt is t I ax\C tO'i

anld Fade21 I M III. I Ile deit ,1Ilines for1 tlie loug 'torag pr "I~od' Alt'ibsde' Ireslor
record. Inl It) sears theme aire Otil]. 70 iiidepencdeii priAOd' Ot it dix\. so trit 'its 'I i tie11 t or

xx cjl poxiC rIis 11\Iiia ll iNe ound~ I in, usltll taxJ\ .1 a 111 Lii [ep x h iI

Ait example1I 01' tile pricalU1 Use oft thle desixiii1 Ciirxrs' 'ici Ill r\ rr
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H-errera et a/.-I it c sral pieces of, iforiati'i Minch %\e \%Il use heino 11) ill jississlic-1t
of' the storage reqUiremient of' a viind po\ser ss stemi for a site near thre I a;ietoil ancilllieltr

(I) With a high-speed prpeller an erliicne or 41)', an he achiesed.
(2) The tDa~es llnlite [lectrical (omipans of' Adelaide mnlufactures \s lid oe

genierators. jVir seseral tit their modelCs thle prorehcie dlialii i is 1 2') m. 111d 111,v'
\kill be Used inl thle e~iample beloVo

(3) Although thie information is not cisen b) flerrera (,I (j/ 2s \\e Ill t,isluinC that 2§' Of
encrg\ is lost durin g charging of batteries and anotheri 25", dut incl_ discllareeC

-1hle area of the propeller is 85 nP W sing the aserton data 155 I m a n-ld the averaiee
\\ind pooer passing throug1.h the propeller is 1317 W WAth an cfimlus Af 4, AM \% ll he
conserted into electrical energ.s, It' ss assumle that all thlis enereh is first storcd iii thle halttr\
and then used Later. 25" of the energ \%ill be lost durlinL charyill, and ' diii d ci
gis ig an aser-age as alahle posser of 2N3 W I. ing Figure %; the slo age ci acil mcnedd "sas
determined for demlanids equal to \ar-ious fractions of thle Msailable 2i,3 \\ anid for reliahilits
at the 90', and 99%', lockl (wee Table A I L Then usill cure 13 these 'brace elcllleis "wCe
reduced to a Ilok [s or the samiipling in men a effect.

The deiins slhos nit I table AlI differ fr'oml thle usual desli/Il ill tha0ht llil111 tillditllg thle
Most economical s'. steml to supplx a gi ndemand. Fable At Iis rathler arranged to10 oi tile

most ecoitotnical storage demand combbttation that a gisen 0 td prlitoa call alipl\ . ( umns
I and 2 list \arious demands as a fraction of 'P, (cliluittll I o ki-Abolulfehi ill ii ills% (cohlll Li.,
Hie stol age reueellilt that \\0ould beC calculated ulsing standrd 11llee-11iur meteorohoc10ical

data is slioss i in columrrn 3 and column 4 shosss the storage reqluired After tile Lorrl1O1 hort i le
effects of as erauitg ti tile and sampling inmers.al is applied, the last C011,l1l11l Of tile aIl 1111C
thte actual sue of tile storage requI~ired Inl \\att-hour11s for thle cisen delliald. I oc!icill there ssOiild
be another part to thte fable in "hich the total cost per "au otf0 demnid sioud he Alal~tedh
This has not been iilldcd bcause prices oh storag and propellet, sar S ion Lii tol limc 0 11

Himocsr. usitic prices quoted hi Ilerrera (,1 11.2 of about W0 Celit per \\ it-hoUr 1,01 Itll ,

and SIMtR1 ror a gecerator and tosser. the most economical Isr fill O ,0 rliahihil\ supplies
a demand of, 0." 1' and has a Capital Cost of' S25 pe'r \\att- inh for QW ehiabhitn s supplies a1
demand ol 0-3 PI atid costs about $50 per55at



TABLE A[

Demand Storage requiredF
3-hr data Continuous (.la

1) P . W att ... .
l Days I)ass Watt-hr

(a) R liabilitN 90",,

I "0 263 40-0 22 0 138.864
0.7 184 6.5 3-5 15.456

0-5 131 3-I I -8 5.659
0.3 79 1 -7 l .0 1.896
0-2 53 1-2 0.9 1.145
0 1 2 6 0 .7 0( ' 3 12

(h) Reliahilitf 99"

I 0 263 1 00.0
0.7 184 48.0 32-0 141.312
0.5 131 180 12.0 37.728
03 79 7.6 5-3 10.049
0-2 53 5.3 3.9 4.961
O"I 26 3-4 2-6 2.122
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FIG 4: DERIVATION OF STORAGE REQUIREMENT FROM A"MASS CURVE".
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FIG 6: PROBABILITY DISTRIBUTION FUNCTIONS FOR WIND POWER. CALCULATED
WITH 1 SECOND AND 6 MINUTE AVERAGING TIMES.
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FIG 7a: RELIABILITY OF WIND POWER SYSTEMS WITH VARIOUS LOADS AND STORAGE
CAPACITIES, CALCULATED USING CONTINUOUS ARL WIND SPEED DATA.
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FIG 7t RELIABILITY OF WIND POWER SYSTEMS WITH VARIOUS LOADS AND STORAGE
CAPACITIES, CALCULATED USING ARL WIND SPEED DATA AVERAGED OVER 6
MINUTES AND SAMPLED AT 3 HOURLY INTERVALS.
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FIG 9a: RELIABILITY OF WIND POWER SYSTEMS WITH VA')OUS LOADS AND STORAGE
CAPACITIES, CALCULATED USING 3 HOURLY SAMPLES OF LAVERTON WIND
SPEED DATA.
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FIG 9b: RELIABILITY OF WIND POWER SYSTEMS WITH VARIOUS LOADS AND STORAGE
CAPACITIES, CALCULATED USING DAILY 9AM SAMPLES OF LAVERTON WIND
SPEED DATA.
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FIG 10: DIURNAL VARIATION OF WIND SPEED AND WIND POWER AT ARCHERFIELD(A),
EAGLE FARM(E), MELBOURNE REGIONAL OFFICE(M), AND LAVERTON(L).



300

200
Median annual average

100

Robe
0 1 1 1 1 1 L ,

J F M A M i J A S 0 N D i

200

E 100

Laverton

- 0 L I I I I I I I I I I

" F M A M J J A S 0 N D J

100
c
0 Median annual average

t- Melbourne R.O.cu

- 0 I I I 1 I IQ)
J F M A m J J A $ 0 N D J

0
- 100

Median annual average

jEagle Farm
0 _. -I - _ I I I I I

J F M A M J J A S 0 N D J

SMedian anua average
100

0
J F M A M i J A S 0 N 1) J

Month of year
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